Participation of the membrane in the side chain cleavage of cholesterol. Reconstitution of cytochrome P-450scc into phospholipid vesicles.
Cytochrome P-450scc can be reconstituted into a phospholipid bilayer in the absence of added detergent by incubation of purified hemoprotein with preformed phosphatidylcholine vesicles. Salt effects demonstrate that the primary interaction between the cytochrome and phospholipid vesicles is hydrophobic rather than ionic; in contrast, neither adrenodoxin reductase nor adrenodoxin will bind to phosphatidylcholine vesicles by hydrophobic interactions. Insertion of cytochrome P-450scc into a phospholipid bilayer results in conversion of the optical spectrum to a low spin type, but this transition is markedly diminished if cholesterol is incorporated within the bilayer. Vesicle-reconstituted cytochrome P-450scc metabolizes cholesterol within the bilayer (turnover = 13 nmol/min/nmol of cytochrome P-450scc); virtually all (greater than 94%) of the cholesterol within the vesicle is accessible to the enzyme. "Dilution" of cholesterol within the bilayer by increasing the phospholipid/cholesterol ratio at a constant amount of cholesterol and cytochrome P-450scc results in a decreased rate of side chain cleavage, and cytochrome P-450scc incorporated into a cholesterol-free vesicle cannot metabolize cholesterol within a separate vesicle. In addition, activity of the reconstituted hemoprotein is sensitive to the fatty acid composition of the phospholipid. These results indicate that the cholesterol binding site on vesicle-reconstituted cytochrome P-450scc is in communication with the hydrophobic bilayer of the membrane. The reducibility of vesicle-reconstituted cytochrome P-450scc as well as spectrophotometric and activity titration experiments show that all of the reconstituted cytochrome P-450scc molecules possess an adrenodoxin binding site which is accessible from the exterior of the vesicle. Activity titrations with adrenodoxin reductase also demonstrate that a ternary or quaternary complex among adrenodoxin reductase, adrenodoxin, and cytochrome P-450scc is not required for catalysis, a finding consistent with our proposed mechanism of steroidogenic electron transport in which adrenodoxin acts as a mobile electron shuttle between adrenodoxin reductase and cytochrome P-450 (Lambeth, J.D., Seybert, D.W., and Kamin, H. (1979) J. Biol. Chem. 254, 7255-7264.